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A B S T R A C T
Consumers’ physiological responses, such as heart rate, electrodermal responses and frontal alpha activity can
enhance the understanding of the consumers’ food experience. This study looked at physiological responses of
the autonomic nervous system (heart rate, electrodermal responses) as a measure for level of arousal, and to
responses of the central nervous system (frontal alpha asymmetry, FAA) as a measure for approach/withdrawal
motivational tendency, to accepted (liked) and non-accepted (disliked) solutions and drinks.
Participants (n = 32, age range: 18–34 years) were presented with a universally accepted (sucrose) and non-
accepted (caffeine) solution, a personally selected accepted and non-accepted drink, and plain water. Heart rate,
heart rate variability, electrodermal activity and electro-encephalography for FAA at F7 and F8 (10/20 system,
25 channels, 256 Hz) were registered during tasting. Statistical analysis consisted of linear mixed model ana-
lyses.
We found a significantly higher heart rate during tasting of the personally selected non-accepted drink and a
significantly lower latency of the electrodermal response during tasting of the universally non-accepted solution
and personally selected non-accepted drink. No significant results were observed for FAA.
This is one of the first studies that examined physiological responses including frontal alpha asymmetry
during actual tasting. This study provides an exploratory method to obtain implicit measurement of acceptance
and food product-elicited emotion through physiological responses and supports the importance of the inclusion
of implicit measures, next to explicit measures, in sensory evaluation of food products.
1. Introduction
In sensory evaluation explicit self-reported measures are tradition-
ally used, although implicit non-self-reported measures to assess emo-
tions and motivational behaviour tendencies are increasingly ad-
vocated, in order to obtain a better understanding of consumers’ food
experience, such as consumers’ acceptance of food products and food-
elicited emotions (Walsh, Duncan, Bell, O'Keefe, & Gallagher, 2017).
Consumers’ acceptance during sensory evaluation is commonly as-
sessed by determining the hedonic value or overall liking (Lawless &
Heymann, 2010). However, measurement of acceptance requires con-
scious information processing and correct verbalization of the experi-
enced sensory modalities (Kahneman, 2003). Furthermore, food ex-
perience is a non-rational and intuitive process (Dalenberg et al., 2014;
Kahneman, 2003; Koster, 2009; Koster & Mojet, 2015). As such, ac-
ceptance alone may not always be predictive for food behaviour
(Veldhuizen, 2010).
This led to an increased interest in product-elicited emotions (Gutjar
et al., 2015; King, Meiselman, & Thomas Carr, 2013; Meiselman, 2015;
Mojet et al., 2015; Walsh, Duncan, Bell, O’Keefe, & Gallagher, 2017).
Current measurements of product-elicited emotions are explicit as they
usually ask how participants feel upon consumption of a food product
(King & Meiselman, 2010; Ng, Chaya, & Hort, 2013; Spinelli, Masi,
Zoboli, Prescott, & Monteleone, 2015). Despite their popular use among
consumer and sensory researchers, such explicit measures suffer from
the fundamental problem that participants need to correctly recognize,
identify and verbalize their emotional associations (Köster, 2003).
Therefore they run the risk of being prone to cognitive (Danner,
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Sidorkina, Joechl, & Duerrschmid, 2014), social desirability and self-
representation biases (Chai et al., 2014), and are in some degree ret-
rospective as they elicit the emotion after the experience (Danner,
Haindl, Joechl, & Duerrschmid, 2014). All those limitations may affect
the validity of the emotional assessment elicited by food (Danner,
Haindl, et al., 2014; Koster & Mojet, 2015). Hence, explicit self-reported
measures could provide only limited information on taste effects. This is
why physiological responses could play an important role in under-
standing consumers’ food experience (Járdánházy & Járdánházy,
2008). Unfortunately, these responses have only been limitedly mea-
sured in sensory evaluation (Lagast, Gellynck, Schouteten, De Herdt, &
De Steur, 2017).
One type of physiological responses deals with responses of the
autonomic nervous system (ANS), such as heart rate and electrodermal
responses. The processing of emotional stimuli, such as liked and dis-
liked food, activates the autonomic nervous system (ANS). ANS mea-
sures can be used as indicators of emotional response (Kreibig, 2010)
measuring level of arousal and valence (Fernández et al., 2012). To
register the physiological changes that are accompanied by emotion, a
variety of techniques is applied. Examples of these measures are heart
rate, heart rate variability and electrodermal responses. As these mea-
sures cannot be manipulated or controlled by the consumer, they are
considered as an implicit and objective measurement (Desmet, 2002).
These measures also have the advantage that they do not disturb con-
sumers during the emotional experience. Despite their advantages,
these methods have only been limitedly applied in consumer and sen-
sory research. Possible reasons are the complexity of those measures
and that these measures are very time consuming.
The most commonly assessed parameters of ANS activation in
emotional research are cardiac and electrodermal responses (Desmet,
2002; Fernández et al., 2012; Kreibig, 2010; Mauss & Robinson, 2009).
Regarding sensory evaluation Rousmans, Robin, Dittmar, and Vernet-
Maury (2000) found that electrodermal responses and cardiac re-
sponses were the most relevant ANS parameters to discriminate among
different basic taste solutions and that these differences are associated
with the hedonic valence. Yet, the limited literature applying ANS
measurements in sensory evaluation has shown inconsistent results
(Brouwer, Hogervorst, Grootjen, van Erp, & Zandstra, 2017; Danner,
Haindl, et al., 2014; de Wijk, Mensink, Verhoeven, & de Graaf, 2014; de
Wijk, Verhoeven, Holthuysen, & de Graaf, 2012; Verastegui-Tena, van
Trijp, & Piqueras-Fiszman, 2019). For example, a study on liked and
disliked foods did not find significant differences in heart rate (HR) (de
Wijk et al., 2012), while another study found higher heart rates for
liked compared to disliked (Brouwer et al., 2017). Heart rate was po-
sitive associated with liking (de Wijk et al., 2014), whereas a lack of
correlation is reported in another study (Danner, Haindl, et al., 2014).
Another study evaluated ANS responses in relation to levels of dis-
confirmation and showed heart rate responses were not able to capture
a direct effect related to the level of (dis)confirmation (Verastegui-Tena
et al., 2019). Regarding electrodermal responses, de Wijk et al. (2012)
showed that disliked foods resulted in increased skin conductance re-
sponses and decreased finger temperature. Brouwer et al. (2017) noted
higher electrodermal activity for disliked food.
A second type of physiological responses that can be used to assess
the consumers’ food experience is electro-encephalography (EEG). The
prefrontal cortex is of particular interest for emotional processing (Coan
& Allen, 2004; Davidson, 2004) due to its function as a convergence
zone of other interconnected structures (anterior cingulate, amygdala,
hippocampus and insula). These structures are organised in two large
emotional systems: the approach system and the withdrawal system.
The approach system facilitates appetitive behaviour and is described
as a generator of positive affect. The withdrawal system facilitates
moving away from aversive stimuli (Davidson & Irwin, 1999; Davidson,
Jackson, & Kalin, 2000; Silva, Pizzagalli, Larson, Jackson, & Davidson,
2002). Activation of the left frontal cortex is involved in the approach
system and the right frontal cortex is involved in the withdrawal system
(Davidson, 2004). The main theory on hemispheric lateralization is the
valence hypothesis, which states that the left hemisphere is specialized
for positive stimuli and approach and the right hemisphere is dominant
for negative stimuli and avoidance (Borod, 1992; Davidson, 2004;
Davidson et al., 2000). Hemispheric asymmetry scores (comparing the
right to the left activity) of the alpha band frequency (8–13 Hz) are of
particular interest as positive frontal alpha asymmetry (FAA) is re-
ported for positive stimuli and approach and negative frontal alpha
asymmetry (FAA) for negative stimuli and avoidance (withdrawal)
(Briesemeister, Tamm, Heine, & Jacobs, 2013). In food research, the
registration of brain responses is barely applied (Brouwer et al., 2017;
Walsh et al., 2017; Walsh et al., 2017). A recent study used EEG to
measure frontal cortex asymmetry for approach-withdrawal tendency
in relation to videos of food concerns (safety, hygiene and spoilage)
(Walsh et al., 2017). They observed a higher right FAA in response to
videos with food concerns compared to control videos with no food
concerns. A follow-up study looked to FAA in response to ‘liked’
breakfast meal videos, however they found no differences in FAA in
comparison to videos with a beach scene (Walsh et al., 2017). Only one
recent study included a tasting interval when measuring FAA during
real-life cooking of chicken and mealworms. Although they did not find
significant differences for the tasting interval, they showed approach
for chicken and withdrawal for mealworms during the frying interval
(Brouwer et al., 2017).
Although the theory of approach-avoidance behaviour is well
documented in other research fields (for a review see Harmon-Jones,
Gable, and Peterson (2010) and Briesemeister et al. (2013)), it has only
very recently been explored in consumer food behaviour research
(Brouwer et al., 2017; Harmon-Jones & Gable, 2009; Walsh et al., 2017;
Walsh et al., 2017). As a response to the biases and required conscious
processing of explicit measures (Chai et al., 2014; Danner, Sidorkina,
et al., 2014; de Wijk et al., 2012), implicit measures of acceptance and
emotions applying the theory of approach-avoidance behaviour and
theories of emotional processing have recently gained increased at-
tention (Brouwer et al., 2017; Samant, Chapko, & Seo, 2017; Walsh
et al., 2017).
Of the limited consumer food behaviour studies applying implicit
measures most of these used visual stimuli, such as videos of food
concerns (safety, hygiene and spoilage) (Walsh et al., 2017), breakfast
meal videos (Walsh et al., 2017) or pictures of desserts (Harmon-Jones
& Gable, 2009). Also, compared to other sensory modalities, such as
smell (Alaoui-Ismaïli, Vernet-Maury, Dittmar, Delhomme, & Chanel,
1997; Bensafi et al., 2002a,b; Brauchli, Rüegg, Etzweiler, & Zeier, 1995;
de Wijk et al., 2012; Delplanque et al., 2009; Martin, 1998) and ap-
pearance (images of food, (Harmon-Jones & Gable, 2009; Walsh et al.,
2017; Walsh et al., 2017)), few of these studies are conducted con-
cerning the effect of taste on ANS activity and the brain activity (EEG).
This study applies measures to identify consumers’ implicit re-
sponses of acceptance and food product-elicited emotion. As noted
before, implicit measures have only been limitedly applied in consumer
food behavior research and sensory research. Moreover, physiological
measures are implemented as an implicit measure in a consumer ex-
periment. Furthermore, the experiment adds to the existing literature
on frontal alpha asymmetry and autonomic nervous system responses in
emotional and motivational research.
The present study aims to measure ANS responses (electrodermal
responses (EDR), heart rate (HR) and heart rate variability (HRV)) and
frontal alpha asymmetry (FAA) during consumption of universally ac-
cepted and non-accepted solutions, as well as personally selected ac-
cepted and non-accepted drinks in order to use these responses as
biomarkers for food product-elicited emotions and consumers’ accep-
tance. Therefore, the main research question of this study is “What is
the effect of taste on heart rate, electrodermal activity and frontal alpha
asymmetry?”. As general arousal leads to an increase of the sympa-
thetic-driven responses of the autonomic nervous system (Boucsein &
Backs, 2009; Danner, Haindl, et al., 2014) we expect higher heart rate
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and electrodermal activity for non-accepted liquids compared to ac-
cepted liquids. Furthermore, we expect based on the theory on hemi-
spheric lateralization to find relatively stronger right frontal brain ac-
tivation as indicated by EEG frontal alpha asymmetry, associated with
avoidance for the non-accepted liquids (Borod, 1992; Davidson, 2004;
Davidson et al., 2000).
2. Materials and methods
2.1. Participants
Participants were recruited at the Ghent University campus by
poster advertisement and were also recruited from a database of vo-
lunteers for sensory tests. Only participants between the ages of 18 and
35 were eligible for participation. Exclusion criteria were the presence
of food allergies or food intolerances, any medication intake, a history
of eating or other psychiatric disorder and pregnancy for female par-
ticipants.
The participants were informed about the aim of the experiment and
the experimental procedure was explained in great detail to the parti-
cipants. All participants reviewed and signed an informed consent prior
to participation. The study was approved by the Ethics board of Ghent
University Hospital (2016/0884). All participants received an incentive
for their participation.
2.2. Study design
Participants took part in two experimental sessions. Session 1 as-
sessed their taste perception capacity in order to account for individual
differences in peripheral taste sensitivity. Session 2 assessed their ANS
responses and FAA to accepted and non-accepted solutions and drinks.
All sessions took place in the morning and participants were scheduled
at the same time slot for both sessions. They were not allowed to
consume caffeine containing drinks (session 1) or to eat or drink any-
thing (except water) (session 2) two hours prior the experiment. The
flow of the study is depicted in Fig. 1.
2.3. Taste stimuli
2.3.1. Taste stimuli for session 1: taste perception
Taste stimuli consisted of water solutions. Sweet, salt, sour and
bitter water solutions were applied for the basic taste test.
Concentrations according to ISO 8586 were used (table 1a). For the
threshold detection tests eight concentrations were prepared for sweet
(sucrose) and bitter (caffeine) solutions as specified in ISO 3972 and
Hoehl, Schoenberger, Schwarz, and Busch‐Stockfisch (2013) (table 1b).
The solutions were prepared prior to the experiment by dissolving the
materials in 1 L on a stirring hotplate under mild heat (50 °C, 700 rpm)
for ten minutes. All solutions were stored in glass bottles in the
refrigerator at 5 °C and were placed outside the refrigerator on the
evening before the experiment to bring them at room temperature.
2.3.2. Taste stimuli for session 2: ANS responses and FAA
The taste stimuli used in session 2 were a priori expected to elicit
different hedonic responses. Two taste stimuli (1 accepted and 1 non-
accepted) per condition (universal or personalized) were used.
Participants always got the universal condition first, followed by the
personalized condition. This order of presentation was carefully
decided to avoid that the effects of the universal liquids would be
overruled by the more extremely liked/disliked personal liquid.
For the universal condition, a universally accepted (sweet sucrose
solution, Ua) and non-accepted (bitter caffeine solution, Una) solution
were used as humans have an innate preference for sweet flavours and
an aversion for bitter flavours (Berridge, 2000; Steiner, 1974; Steiner,
Glaser, Hawilo, & Berridge, 2001; Zeinstra, Koelen, Colindres, Kok, & de
Graaf, 2009). Concentration of universally accepted and non-accepted
solution were determined after an initial pilot test that showed those
concentrations were perceived as sweet and bitter. Universally accepted
and non-accepted solutions were prepared prior to the experiment by
dissolving respectively the 150 g of sucrose on a weight-weight basis in
water and 1 g of caffeine in 1 L water (Table 2). Solutions were similarly
prepared as the solutions in session 1. Solutions were stored in glass
bottles in the refrigerator at 5 °C and were placed outside the re-
frigerator on the evening before the experiment to bring them at room
Fig. 1. Flow-chart of the study showing the applied measures per session (ANS = autonomic nervous system, EDR-latency = electrodermal response latency, EDR-
nSCR = electrodermal response number of individual phasic responses, EEG = electro-encephalography, FAA = frontal alpha asymmetry).
Table 1
Concentration of taste stimuli used in the taste perception tasks in session 1 (a)
basic taste perception test and (b) gustatory threshold test. Concentrations ac-
cording to ISO 8586, ISO 3972 and Hoehl, Schoenberger, Schwarz, and Busch-
Stockfisch (2013).
(a) Basic taste perception test
Taste Material Concentration (g/l)
Sweet (2×) Sucrose (table sugar) 10 (1%)
Sour Citric acid 0.3 (0.03%)
Bitter (2×) Caffeine (C8H10N4O2) 0.3 (0.03%)
Salty Sodium chloride 2 (0.2%)
(b) Gustatory threshold test
Solution Sweet (Sucrose) (g/l) Bitter (Caffeine) (g/l)
S1 12 0.27
S2 7.2 0.22
S3 4.32 0.17
S4 2.59 0.14
S5 1.56 0.11
S6 0.94 0.09
S7 0.55 0.07
S8 0.34 0.06
Note: 2× indicates that the solution was presented twice.
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temperature.
The personalized condition consisted of a personally accepted (Pa)
and non-accepted (Pna) drink, individually assessed by a questionnaire
(supplementary Table 1). The personally selected drinks were pur-
chased in Belgian supermarkets and were stored in their original con-
tainers in a refrigerator at 5 °C until the evening before the experiment.
2.4. Procedure and experimental design
2.4.1. Session 1: taste perception
Participants were invited to the Sensory Laboratory of Ghent
University for session 1. During session 1 the participants had to per-
form three taste perception tests: (1) basic taste perception test, (2)
gustatory threshold test for sweet, (3) gustatory threshold test for bitter.
The sensory basic test aimed to assess the participants’ capacity for
detection of basic tastes (sweet, bitter, salt, sour). Seven transparent
cups with 10 ml of water-solutions were presented to the participants.
Two solutions contained sucrose, two caffeine, one salt, one citric acid
and one plain water. Participants had to correctly identify the taste of
each solution. The procedure was according to the ISO 8586 (2012) for
selection of sensory panels.
The two gustatory threshold tests, one for sweet and one for bitter
aimed to determine the participants’ individual threshold for detection
of sweet or bitter. Participants were presented with eight rounds of
three transparent cups with 10 ml of liquids. The cups were labeled
with a random three-digit code. Each round consisted of two pre-
sentations of water and one presentation of a solution. The solutions
were presented in increasing concentrations, to prevent saturation of
the taste receptors (Garcia-Burgos & Zamora, 2013). Participants had to
complete all eight rounds and individual sucrose and bitter threshold
was established as the middle solutions of three correct identifications
on three consecutive rounds or the highest possible when the partici-
pant only correctly identified the last solution that was presented. This
procedures was according to the ISO 3972 (2011) and similar to the
procedure used in Fogel and Blissett (2014).
2.4.2. Session 2: ANS responses and FAA
Participants were invited to the Neurophysiological Unit of the
Neurology Department, Ghent University Hospital.
Participants were seated in a comfortable chair in front of a laptop
in a room where the temperature was maintained constant (21 °C). The
lights in the room were dimmed to limit visual inputs. Instructions were
given verbally by the experimenter and visually on the screen in front of
the participant. In order to minimize movements of the participants the
following requirements were taken: (1) participants had to sit still and
were instructed not to move or speak during the measurements, and (2)
liquids were given through a flexible plastic tube which eliminated
movement of holding or taking a cup.
The experimental design of session 2 is presented in Fig. 2a. First,
the water control (six taste presentations of 10 ml of plain water) was
administered. Second, the universal condition followed by the perso-
nalized condition was conducted. Each condition consisted of two
randomized blocks: one with the accepted taste stimuli and one with
the non-accepted taste stimuli. Each block followed 4 sequential steps:
(1) two minutes pretaste baseline (no stimuli, sitting still with eyes
closed); (2) six consecutive taste deliveries; (3) administration of the
explicit liking score of the taste stimuli (9-point hedonic scale) and (4) a
resting and rinsing period of two minutes.
The pretaste baseline (step 1) had two main purposes. Firstly, it
served as a period to relax the participant and to bring the participant
back to a neutral state in order to have a common emotional state for
comparison. Secondly, it served as an extra time period between the
taste deliveries to remove the effects of the previously tasted solution or
drink.
For delivery of the taste stimuli (step 2) the liquids were drawn up
into syringes of 60 ml (one for each liquid) with a flexible tube con-
nected to the syringe. A very strict procedure was followed by the ex-
perimenter: the end of the flexible tube was put into the mouth of the
participant and placed in the middle of the tongue (central position).
Every taste delivery 10 ml of the liquid was administered in the parti-
cipant’s mouth. The experimenter was instructed by the visual cues on
the laptop screen using the E-Prime 2.0 software (Psychology Software
Tools, Inc. [E-Prime 2.0], 2012): “+” pushing syringe 10 ml down (1
sec.), “taste presentation” liquid in mouth of participant (4 sec.) and
“swallow” (2 sec.) instruction to swallow the liquid (Fig. 2b).
2.5. ANS responses recording and preprocessing
The electrodermal responses were measured through two standard
8 mm Ag/AgCl electrodes placed on the thenar and hypo-thenar emi-
nences of the palm of the non-dominant hand of the participant after
controlling for hydration and temperature of environment (21˚C). For
the recording of the responses these electrodes were connected to a
Micromed System Plus Headbox (Micromed, Mogliano, Italy). The sig-
nals were recorded at 256 Hz Hz (Task Force of the European Society of
Cardiology the North American Society of Pacing Electrophysiology,
1996) and throughout the entire experiment. Extraction of the elec-
trodermal responses was done by use of the Matlab LedaLab toolbox
(Benedek & Kaernbach, 2010). The electrodermal signals were down-
sampled to 32 Hz and were bandpass filtered between 0.003 and
100 Hz. As we are interested in the emotional change upon the taste
experience and emotions are categorized as quick responses to stimuli,
this study used phasic EDA. This approach is similar to the study of
Samant et al. (2017). Based on Continuous Decomposition analysis two
variables were examined: the latency of the first significant phasic re-
sponse within the interval of interest (EDR-Latency) and the number of
individual phasic responses during the interval of interest (EDR-nSCR).
Time markers identified the intervals of interest (cf. 2.7).
Table 2
Results for all three test of session 1: basic taste test and gustatory threshold for sweet and bitter (mean and standard error, frequency and percentage) (n = 32).
Basic taste Mean SE Gustatory threshold Sweet Mean SE Bitter Mean SE
5.88 0.24 3.47 0.29 3.00 0.44
Nr. n % Threshold Conc. (g/l) n % Conc. (g/l) n %
0 0 0 > S1 > 12 1 3.1 > 0.27 8 25
1 0 0 S1 12.00 0 0 0.27 2 6.3
2 2 6.3 S2 7.20 9 28.1 0.22 5 15.6
3 0 0 S3 4.32 9 28.1 0.17 3 9.4
4 2 6.3 S4 2.59 4 15.6 0.14 4 12.5
5 5 15.6 S5 1.56 4 12.5 0.11 6 18.8
6 10 31.3 S6 0.94 2 6.3 0.09 1 3.1
7 13 40.6 S7 0.55 2 6.3 0.07 1 3.1
S8 0.34 0 0 0.06 2 6.3
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Heart rate and heart rate variability were measured using two clip
electrodes on the wrists of participant which were connected to a
Micromed System Plus Headbox (Micromed, Mogliano, Italy). Heart
rate and SDNN heart rate variability were extracted from the ECG signal
(sampling rate 256 Hz) by use of the Matlab Pan Tompkins script (Pan
& Tompkins, 1985).
2.6. EEG recordings and preprocessing
Electroencephalographic data were recorded with a Micromed
System Plus (Micromed, Mogliano, Italy) using Ag/AgCl electrodes,
mounted in a stretch-lycra electrode cap (WaveGuard™ EEG cap system,
ANT Neuro) according to the international 10–20 system. During re-
cording, data were referenced to electrode site CPz, while channel AFz
was used as a ground. In addition to the reference and ground electrode,
a total of 23 electrodes were used in this study: Fp1, Fp2, F7, F3, Fz, F4,
F8, T3, C3, Cz, C4, T4, T5, P3, Pz, P4, T6, O1, O2, FC5, FC6, CP5, CP6.
Signals were amplified and digitized with a sampling rate of 256 Hz,
low-pass filter of 200 Hz, high-pass filter of 0.4 Hz and 50 Hz Notch
filter. Impedances were kept below 5 KΩ to ensure high quality re-
cording.
EEG data were analyzed using BrainVision Analyzer 2 software
(BrainProducts, GmbH, Gilching, Germany) and processed following
the procedure commonly used in EEG-asymmetry research (Allen &
Nazarian, 2004; Allen, Urry, Hitt, & Coan, 2004).
The continuous EEG was first visually inspected for incidental
swallow (muscle) artifacts. Then an independent component analysis
(ICA), used to subtract artifact components from each electrode, was
executed to correct for vertical and horizontal eye movements, blinks
and ECG artifacts. The remaining ICA components were projected back
using an inverse ICA to reconstruct the artifact-free EEG. After this, the
EEG signal was re-referenced to the average of all 25 recorded channels.
This signal was digitally filtered with a half-power band-pass filter
between 0.1 and 30 Hz with a roll-off of 12 dB/octave.
The four pretaste baseline measurements of two minutes were seg-
mented based on the marker position and each two minute segments of
data was then further segmented into equal sized epochs of two seconds
with 1.5 s overlap, which resulted in 237 two second epochs. The taste
presentations of H2O, Ua, Una, Pa, Pna were also segmented based on
the marker position at taste delivery. Each four seconds segment of data
was then further divided into equal sized epochs of two seconds with
1.5 s overlap, which resulted in 30 two second epochs. These epochs
were Fourier transformed to the frequency domain using the FFT, based
on a Hamming window that tapered data at the distal 10% of each 2-
second epoch (frequency resolution of 0.5 Hz). The total power within
the alpha frequency band (8–13 Hz) was extracted for pretaste baseline
and the tastes (Allen et al., 2004; Allen et al., 2004; Davidson, 1988).
The frontal alpha asymmetry at F7 and F8 was determined through
computing the relative difference between alpha as recorded at the
right and the left side of the cortex as (R-L)/(R + L) × 100 (Brouwer
et al., 2017; Papousek et al., 2014). Alpha power is considered to be
inversely correlated with cortical activity (see Allen et al. (2004) for an
extensive discussion), thus higher scores on this FAA index are in-
dicative for relatively greater left frontal activity and lower scores
suggest less left frontal activity.
2.7. Data intervals and standardization
Time markers (Schneider & Zuccoloto, 2007) (Psychology Software
Tools, Inc. [E-Prime 2.0], 2012) identified the intervals of interest by
indicating the beginning and the end of the baseline period and the
delivery of the liquid using the E-Prime 2.0 software (Psychology
Software Tools, Inc. [E-Prime 2.0], 2012). The intervals with taste
presentations of the liquids (H2O, Ua, Una, Pa, and Pna) were com-
bined for each liquid separately into an interval of interest of 6 times 4 s
for each taste presentation (i.e. time the taste stimulus was present in
the mouth of the participant). This resulted in a total interval of interest
of 6 times 4 s or 6 measuring points of 4 s for each liquid (taste event
H2O, Ua, Una, Pa, Pna) and excluded swallowing effects.
The ANS responses during the water control served as a control for
the ANS responses during the taste events. The water control is con-
sidered as the most appropriate and most resembling a neutral stimulus
for ANS measures. The ANS responses were standardized by subtracting
the value corresponding to the water control from the values of the four
taste events (Brouwer et al., 2017).
The EEG during start baseline was used as a control for the FAA
during taste events. EEG during start baseline resembled the neutral
brain state of the participant. For each participant, frontal alpha
asymmetry was standardized by subtracting the FAA during the start
baseline from the FAA during the four taste events (Brouwer et al.,
2017).
2.8. Exclusions and data loss
All ANS responses and FAA of one participant were lost due to a
technical problem with the acquisition.
One participant had an extreme disgust reaction during the delivery
of the non-accepted drink (Pna) which caused large motor artifact in
the data and therefore FAA, electrodermal responses and ECG during
Pna was excluded from analysis. In two participants the water control
was not recorded. In two participants FAA recordings showed large
artifacts and were excluded from analysis. One ECG signal was lost in
one participant.
Fig. 2. (a) Experimental design of session 2: ANS responses and FAA indicating conditions, blocks with four steps (b) method for taste delivery. Note: ↓ indicates taste
delivery (Ua = universally accepted, Una = universally non-accepted, Pa = personally accepted, Pna = personally non-accepted).
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2.9. Statistical analysis
In order to examine the effect of the taste events on the dependent
variables explicit liking, heart rate, heart rate variability, EDR-Latency,
EDR-nSCR, FAA and differences between accepted and non-accepted
solution or drink, a linear mixed model was applied. Taste event (Ua,
Una, Pa, Pna) was specified by a full factorial model with condition (U,
P) and acceptance (a, na) as fixed effects and consumer as random ef-
fect. Consumers were added as random effect to account for individual
differences in the dependent variables (Jaeger & Ares, 2015). Bonfer-
roni was used for post-hoc comparison of the taste event means, ad-
justing for multiple testing and having set the significant level at 0.025.
Explicit liking scores were added as a covariate in the linear mixed
model with FAA as dependent variable.
Each taste event of each participant was checked for errors in
measurement. Therefore the outliers were determined for all standar-
dized ANS responses and FAA. Data points exceeding a deviation of 2.2
times the interquartile range (Lower: Q1-2.2(Q3-Q1); Upper:
Q3 + 2.2(Q3-Q1)) were checked and removed if this data point was
due to technical measurement errors. This was the case for six data
points (EDR data), 18 data points (ECG data), zero data points (FAA).
All statistical analyses were performed by use of SPSS statistical
software (version 24, SPSS Inc., Chicago, IL). Power analysis was con-
ducted using G*Power 3.1 (Faul, Erdfelder, Lang, Buchner, 2007).
3. Results
3.1. Participants
32 healthy participants took part in this study (16 males). The mean
age was 25.5 years (SD ± 3.7 years; range: 18–34 years). All partici-
pants (n = 32) completed both sessions, however due to data loss for
one participant in session 2, results of session 2 include only 31 parti-
cipants (cf. 2.8 exclusions and data loss).
3.2. Session 1: taste perception (n = 32)
A total of 30 out of 32 participants was able to detect 4 or more
basic solutions correctly on the basic taste perception test. The mean
gustatory threshold for sweet was 3.47 (between 4.32 g/l and 2.59 g/l)
and for bitter 3.00 (0.17 g/l). Most participants (84.3%) were able to
detect sucrose at a concentration of 1.56 g/l to 7.20 g/l. Caffeine at a
concentration>0.27 was not detected by 25% of participants. The
results of session 1 are depicted in Table 2.
3.3. Session 2: ANS responses and FAA
3.3.1. Explicit liking of the solutions and drinks
Fig. 3 shows the explicit liking of the universal condition (Ua, Una)
and personal condition (Pa, Pna). Linear mixed model analysis showed
a significant main effect for taste event (Ua, Una, Pa, Pna) (p < 0.001).
Pairwise comparison tests (with correction for multiple testing) showed
significant differences in explicit liking between the accepted and non-
accepted solution or drink. The universal accepted solution (Ua) had a
higher explicit liking compared to the non-accepted solution (Una)
(p < 0.001) and the personally accepted drink (Pa) had a higher ex-
plicit liking compared to the non-accepted drink (Pna) (p < 0.001).
These results confirmed the intended hedonic valence of the solutions
and drinks.
3.3.2. ANS responses to the solutions and drinks
Heart rate showed a significant effect for taste event (p = 0.009).
Pairwise comparison showed a significant difference between the per-
sonally accepted (Pa) and non-accepted drink (Pna), where the per-
sonally non-accepted drink (Pna) was higher than the accepted drink
(Pa) (p = 0.001). Heart rate did not significantly differ between the
universal accepted and non-accepted solutions (p = 0.593). These re-
sults were also confirmed when heart rate was compared with the
baseline at start (p = 0.004) and with baseline just before Pa and Pna
(p = 0.023). Heart rate variability (SDNN-HRV) showed no significant
effect for taste event (p = 0.252). Fig. 4 (a, b) shows the heart rate and
SDNN-HRV.
Additionally, Table 3 shows raw heart rate before and during tasting
session. The mean heart rate before each tasting session is 65–66 bpm
and mean heart rate increases during tasting with the largest increase
for non-accepted personalized drinks. This result provides support for
our previous findings.
Linear mixed model analyses on the electrodermal responses (EDR)
showed a significant effect for taste event on latency (p = 0.008).
Pairwise comparison showed a significant difference between the uni-
versal accepted (Ua) and the universal non-accepted (Una) solution
(p = 0.018) and a significant difference between the personally ac-
cepted (Pa) and personally non-accepted drink (Pna) (p = 0.013).
Visual inspection of Fig. 5a shows lower latency for the non-accepted
solution and drink (Una, Pna) compared to the accepted solution and
drink (Ua, Pa). No significant effects were observed for the number of
individual phasic responses (EDR-nSCR) (p = 0.587). Fig. 5 (a, b)
presents the electrodermal activity results.
3.3.3. Frontal alpha asymmetry (FAA) of the solutions and drinks
Neurophysiological measurement of motivational behaviour re-
sponse was determined by calculating the FAA at F7F8 electrodes.
Linear mixed model analysis on FAA at F7F8 showed no significant
Fig. 3. Estimated marginal means of explicit liking scores on a 9-point hedonic
scale (from 1 = extremely dislike to 9 = extremely like) for the universal and
personal condition of the accepted and non-accepted liquids based on linear
mixed model analyses. Error bars indicate ± standard errors of the mean.
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effect in mean FAA for taste event (p = 0.807). Additionally, no sig-
nificant effect in mean FAA was observed (p = 0.753) in sensitivity
analysis with linear mixed model analyses with explicit liking as fixed
effect. Taking explicit liking as covariate into account, resulted likewise
in no significant effects (p = 0.859), although visual inspection of
Fig. 6 shows more negative FAA scores for the non-accepted solution
(Una) compared to the accepted solution (Ua) and more negative FAA
scores for the non-accepted drink (Pa) compared to the accepted drink
(Pna). However, this should be interpreted with caution, as large
variability is observed in the data.
The relationship between explicit liking, ANS responses and FAA
showed no significant correlations between explicit liking score and
ANS response and FAA (Supplementary Table 2).
4. Discussion
In the present study we used neurophysiological measures (heart
rate, heart rate variability, electrodermal activity and FAA) to assess
acceptance and emotional associations of universally accepted and non-
accepted solutions and personally selected accepted and non-accepted
drinks in an implicit manner. This study determined the effect of taste
on heart rate, electrodermal activity and frontal alpha asymmetry.
While significant differences between accepted and non-accepted
drinks were found in heart rate and electrodermal activity, this was not
the case for frontal alpha asymmetry. The significant difference be-
tween accepted and non-accepted drinks in heart rate and electro-
dermal activity, more specifically latency., confirms the findings of
Rousmans et al. (2000).They found that heart rate and electrodermal
responses are the most relevant ANS parameters compared to skin re-
sistance and skin blood flow to discriminate among different flavour
solutions. Furthermore, these differences are associated with the he-
donic valence: pleasant tastes induced the weakest ANS responses,
whereas the unpleasant ones induced stronger ANS responses.
The increase in heart rate for non-accepted drinks can be explained
by sympathetic activation of the autonomic nervous system. Heart rate
is related to stress, arousal and emotions (Kreibig, 2010). General
arousal leads to an increase of the sympathetic-driven responses of the
autonomic nervous system, such as increased heart rate (Boucsein &
Backs, 2009; Danner, Haindl, et al., 2014). Ottaviani, Mancini,
Petrocchi, Medea, and Couyoumdjian (2013) showed that strong sym-
pathetic activation can be related to disgust-related avoidance and es-
cape behaviour. Heart rate has been found to respond to the valence of
aroma stimuli in previous research (Alaoui-Ismaïli et al., 1997; Bensafi
Fig. 4. Estimated marginal means of heart rate (BPM = beats per minute) and heart rate variability (SDNN-HRV, milliseconds) for the universal condition
(Ua = universally accepted, Una = universally non-accepted) and personal condition (Pa = personally accepted, Pna = personally non-accepted) based on linear
mixed model analyses. (a) absolute data for heart rate (bpm) (b) standardized heart rate and SDNN-HRV (ms). Error bars indicate ± standard errors of the mean.
Table 3
Raw heart rate before and during tasting (in bpm).
Taste Mean HR before (in bpm) Mean HR during (in bpm)
Ua 66.10 76.97
Una 65.73 76.35
Pa 65.89 72.84
Pna 65.84 79.17
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et al., 2002a,b): increasing heart rates in response to unpleasant aromas
(Bensafi et al., 2002a,b; Brauchli et al., 1995; Delplanque et al., 2009;
He, Boesveldt, de Graaf, & de Wijk, 2014; Pichon et al., 2015) whereas
decreasing heart rates in response to pleasant aromas (Brauchli et al.,
1995). Although our results are in line with the findings of these studies
on aromas, research studying the responses to food products is less
consistent and the findings are often non-significant (Brouwer et al.,
2017; Danner, Haindl, et al., 2014; de Wijk et al., 2014; de Wijk et al.,
2012; Leterme, Brun, Dittmar, & Robin, 2008; Samant et al., 2017).
In this study we have looked at the mean heart rate, however it
would be interesting to include temporal results of heart rate in future
research. This would indicate for example whether the heart rate is
stable, decreasing or increasing over time during the taste stimulus
indicating orienting responses, adaptation and/or habituation to the
taste stimuli.
In the measurement of heart rate variability the higher arousal was
not reflected in our study, which is in line with the results of Brouwer
et al. (2017). Similarly to that study, we have used short taste events to
determine the heart rate variability because of the nature of the taste
stimuli (taste adaptation occurs after taste stimulation of few minutes).
Yet, heart rate variability measures may require longer intervals
(Brouwer et al., 2017). Taking the limitation of short taste events into
account, we looked at heart rate variability in the time domain and
Fig. 5. Estimated marginal means of electrodermal response latency (EDR-Latency in seconds (s)) and mean electrodermal response number of individual phasic
responses (EDR-nSCR) for the universal condition (Ua = universally accepted, Una = universally non-accepted) and personal condition (Pa = personally accepted,
Pna = personally non-accepted) based on linear mixed model. (a) absolute data for EDR-Latency and EDR-nSCR (b) standardized EDR-Latency and EDR-nSCR. Error
bars indicate ± standard errors of the mean.
Fig. 6. Estimated marginal means of Frontal alpha asymmetry (FAA) at F7F8
for the universal condition (Ua = universally accepted, Una = Universally non-
accepted) and personal condition (Pa = personally accepted, Pna = personally
non-accepted) based on linear mixed model analyses with explicit liking as
covariate (evaluated at value 4.9). Error bars indicate ± standard errors of the
mean.
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compared with a baseline interval of the same length. Despite, this
could have resulted in noisy values.
Electrodermal activity was measured by determining the number of
phasic responses and the latency of the first significant phasic response.
Earlier latencies were observed for the non-accepted solutions and
drinks. Just like heart rate, electrodermal activity parameters have also
been used as an indicator for arousal in physiological research and have
been considered as a valid indicator for the lower arousal range as they
reflect small variations in arousal state (Danner, Haindl, et al., 2014;
Epstein, Boudreau, & Kling, 1975; Miezejeski, 1978). Like Brouwer
et al. (2017), this study demonstrated a similar higher electrodermal
activity for disliked products. In our study, neurophysiological mea-
surement of motivational behaviour response determined by frontal
alpha asymmetry (FAA) at F7F8 did not show significant results. Al-
though FAA is well documented in other research fields (for a review
see Harmon-Jones et al. (2010) and Briesemeister et al. (2013)), it has
only very recently been explored in food research (Brouwer et al., 2017;
Harmon-Jones et al., 2010; Walsh et al., 2017; Walsh et al., 2017).
While mostly visual stimuli were used in these studies (Harmon-Jones
et al., 2010; Walsh et al., 2017; Walsh et al., 2017), Brouwer et al.
(2017) also included a tasting condition. And although the latter study
observed differences in FAA while frying foods, they similarly did not
find any significant differences while participants were tasting them.
This study included very diverse stimuli that were expected to elicit
different hedonic responses, namely non/accepted stimuli, both uni-
versal solutions and personally selected drinks. This was confirmed by
the explicit liking scores and thus provided a valid measurement.
Previous research suggested that implicit responses might be sensitive
enough to detect differences in food products that are either very high
or either very low in acceptability (Walsh et al., 2017). Studies using
ANS responses and FAA also included other more diverse stimuli such
as liked or disliked foods (Brouwer et al., 2017; de Wijk et al., 2012;
Walsh et al., 2017). Discriminating between food products which are
similar in hedonic value or neutral in hedonic value (neither like nor
dislike) by using ANS responses and FAA might be even more chal-
lenging (Walsh et al., 2017). This applies particularly for FFA (Brouwer
et al., 2017; Harmon-Jones & Gable, 2009; Schöne, Schomberg, Gruber,
& Quirin, 2016; Walsh et al., 2017; Walsh et al., 2017). This could
explain why we observed more differences for the personally selected
drinks in comparison to the universal solutions. Universal solutions are
inherently liked (for sweet) or disliked (for bitter) (Desor, Maller, &
Andrews, 1975; Kajiura, Cowart, & Beauchamp, 1992; Lipsitt & Behl,
1990). This response can be modified through experience by for ex-
ample taste conditioning (Capaldi & Privitera, 2008). The personally
selected drinks were probably more able to elicit stronger emotional
response, however in terms of approach-avoidance they might not have
been strong enough (as no significant effects for FAA were observed).
Furthermore, food stimuli in general might fail to induce sufficiently
large differences. This is in contradiction to the extremely euphoric
stimuli which are regularly used in psychology (Davidson, Ekman,
Saron, Senulis, & Friesen, 1990; Walsh et al., 2017). Additionally, the
personal drinks presented with more complexity and therefore could
involve other sensory systems than the gustatory. The study was de-
signed in order to eliminate this bias as much as possible: (1) all liquids
were given through a flexible plastic tube in the mouth of the partici-
pants in order to minimalize the effects of the texture/density of the
liquid and (2) during the experiment the participants had to close their
eyes and all lights were dimmed in order to limit visual inputs.
This study used liquid food products as stimuli to avoid movement
artefact caused for example by chewing the food. Previous research has
used similar solutions (Rousmans et al., 2000) or beverages (Danner,
Haindl, et al., 2014; de Wijk et al., 2014). Moreover, studies that have
used solid foods have argued that the data was subject to noise because
of movement artefact (Brouwer et al., 2017; de Wijk et al., 2012).
Of importance is the current lack of standardized methods in food
research to measure ANS responses and FAA. Knowledge of appropriate
baselines against which to standardize neurophysiological data in re-
sponse to food are lacking. Some studies have used water (Rousmans
et al., 2000; Samant et al., 2017) or non-food related videos (Walsh
et al., 2017) whereas other studies have not used a baseline or control
at all (Danner, Haindl, et al., 2014; de Wijk et al., 2014; de Wijk et al.,
2012; He, Boesveldt, de Graaf, & de Wijk, 2016). Emotion studies in the
domain of psychology however stressed the importance of the use of an
appropriate baseline or control (Davidson & Irwin, 1999). Therefore,
our study has incorporated both a water control and a baseline mea-
surement.
This study took place in a controlled setting, a neurophysiological
laboratory where each participant was tested separately, to limit in-
fluencing factors. However, this has limited the ecological validity as
this situation is not a very realistic eating setting. Alternatively, one
could opt to simulate an eating environment. The study of Brouwer
et al. (2017) for example worked with real-life cooking, but did note
quality issues with the data. As measurements of neurophysiological
responses are technically more challenging, these require controlled
settings to optimize quality and seem to be more suitable for laboratory
environments than for real-life (de Wijk et al., 2012). In the near future,
technological advancements should make it possible to carry out tests
in an immersive or virtual context (Astur, Carew, & Deaton, 2014;
Yelshyna et al., 2016). This would allow having the best of two worlds:
the laboratory context under controlled circumstances versus the more
realistic consumption context.
This study covers the interesting and innovative use of implicit
measures in sensory evaluation and shows the discriminating capacity
of some physiological variables. Although implicit responses have some
disadvantages (such as a much lower sensitivity as shown in this study),
they also have some theoretical advantages over subjective rating scales
(for example no verbalization required, not affected by the experience
itself, continuous information recording and no distraction). This study
contributes to the influence of tasting liked and disliked food products
on consumers’ physiological responses. It provides a stepping stone to
examine the differences between explicit and implicit evaluations of
food products and to close the knowledge gap of the difference between
explicit and implicit evaluations. Understanding the difference and the
interaction between explicit and implicit acceptance and food-product-
elicited emotions can help to broaden the understanding of the con-
sumers’ food experience.
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